In recent years, brushless DC (BLDC) motors are attracting growing attention for appliance applications. Due to the rapid development of technology, the BLDC motors are widely used in consumer electronics. Square wave method is used for most of small BLDC motor applications such as refrigerator fans, massage chairs, fans, compressors, etc. This is due to simple control and characteristics of the square wave method. However the square wave method has audible noise problem. In order to reduce this audible noise, the sinusoidal method is used. The sinusoidal method has a number of advantages such as high efficiency, low torque ripple, and low audible noise. The motor for appliance applications should be made increasing efficiency and decreasing the audible noise. However the sinusoidal method is complex and needs high cost. This paper deals primarily with the simple sinusoidal method for small BLDC motors.
Introduction
Over the several years, DC motors have ever been prominent in various industrial applications because their characteristics and controls are simple. However DC motor systems have bulky construction, low efficiency, low reliability and need of maintenance [1] . Those features are unsuitable for appliance applications. In recent years, the BLDC motors are attracting growing attention for appliance applications. This is due to the total elimination of the brush/commutator assembly, which reduces audible noise and RFI problems. Moreover, BLDC motors have a number of advantages such as high efficiency, high power factor, and low maintenance cost. The motor for automotive applications should be made compact and increasing the efficiency causing limited volume. The operation of BLDC motors can be largely classified into two types which are trapezoidal commutation and sinusoidal commutation. The trapezoidal commutation method is used mainly in small BLDC because of the simple implementation. However the square wave method has audible noise problem. In order to reduce this audible noise, the sinusoidal method is used. The sinusoidal method has a number of advantages such as high efficiency, low torque ripple, and low audible noise. The motor for appliance applications should be made increasing efficiency and decreasing the audible noise. Based on the technological growth of power electronics, the trend in the appliance applications is to replace trapezoidal commutation method with sinusoidal commutation method based on electric motor technology [1] - [3] . In this paper, the sinusoidal method was applied to BLDC motors for appliance applications and decreased audible noise.
Space Vector PWM
The pulse-width modulation (PWM) is a DC voltage modulation method that provides an arbitrary intermediate voltage by adjusting the on and off ratio in each period. Numerous PWM methods were investigated by many researchers [4] , [5] , [6] , but sinusoidal PWM and space vector PWM are the two most popular methods [3] . The sinusoidal PWM can be obtained by comparing a triangular wave with a sinusoidal wave. The maximum peak voltage is equal to Vdc/2. However the maximum peak voltage of SVPWM is equal to
. Thus, the voltage utilization of SVPWM is better than SPWM.
The space vector PWM method [7] , [8] (SVPWM) operates in a complex plane divided in the six sectors separated by the switching state vectors, Fig. 2 . The switching state vectors are defined by combination of conducting/non-conducting switches in the power circuit of inverter. Fig. 1 T1 and T2 can be determined as
On the other hand, it follows from the geometrical relationship that . 
In all the six sectors, we can obtain time intervals T1 and T2.
From equation (4), (5), and (6), the time intervals T1, T2, and T0 can be obtained in the sector 1.
By using above equations, the PWM can be decided. Fig. 3 shows the phase voltage represented by S1, S2, and S3. These each phase voltages is not sinusoidal wave. Each phase voltage contains harmonics, so that the rms value is higher than that of the sinusoidal wave. However the processing speed of the micro-processor for appliance applications is slow. The PWM generator was configured with PWM table. The sector can be distinguished by the hall sensors of BLDC motor. Therefore the PWM table is required for 60 degrees of interval, as shown in Fig. 4 . Fig. 4 . Space vector output for 60º. The BLDC motor and drive were tested extensuvly with dynamometer load and evaluated its performance over various test. Fig. 5 shows the BLDC motor and inverter. The switching frequency was selected 20 kHz as shown in Fig. 6 . 7 shows the experimental waveforms in case of trapezoidal operation and sinusoidal operation. The peak current of sinusoidal operation is smaller than trapezoidal operation. To measure the noise level, the prototype motor and drive were tested in a dead room. Fig. 7 shows noise test results. The measured level of sinusoidal operation was 31.4dB. However the noise level of trapezoidal operation was 47.7dB. Fig. 9 shows the result of forward and reverse operation. The forward and reverse operation is operated well.
Experimental Results

Conclusion
This paper presents a development of sinusoidal drive for appliance applications. Through the experimental results, validity and quality of the reported designs are verified, and developed motor is obtained the noise level 31.4dB at the point of rated torque. Especially the excellent performance obtained. Also the drive has been developed by the method of space vector PWM, and this is very simple and stands against noise. For the simple implementation, the table of 60 degree interval was used. The developed sinusoidal drive for BLDC motor has been successfully applied to appliance applications.
